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Request For Approval of a Class 1 Permit Modification in Accordance with WIPP
Permit Condition 1.B.1

Consistent with the requirements of the Hazardous Waste Facility Permit (NM4890139088-
TSDF) for the Waste Isolation Pilot Plant the U.S. Department of Energy, Carlsbad Field Office
is submitting to the New Mexico Environment Department (NMED) this Class 1 modification
request. Specifically, this information is provided to comply with Permit Condition 1.B.1
(20.4.1.900 New Mexico Administrative Code (NMAC) incorporating 40 CFR § 270.42(b).

This modification has been determined to fall into the Class 1* as indicated in 40 CFR §270.42
Appendix I, A.8. Therefore the approval of the NMED is necessary prior to implementation.

This modification is listed in Table 1. Listed information includes a reference to the applicable
section of the Permit, the title of the item and the relevant permit modification category as
identified in 20.4.1.900 NMAC. A more complete description of the Class 1 modification is
provided in Attachment A.

The change within this modification request does not reduce the capacity of the Permittees to
protect human health or the environment.
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Attachment A

Description of the Hazardous Waste Facility Class 1 Permit Modification



Description:

Basis:

Discussion:

Item 1

Remove the magnesium oxide (MgO) mini-sacks on and around the waste
containers and on the repository floor around the waste containers.

This modification is classified as a Class 1 prime modification in accordance with
20.4.1.700 NMAC (incorporating 40 CFR 8§ 270.42, Appendix I, A.8).

Magnesium oxide is required in the repository in order to comply with the
requirements imposed by the United States Environmental Protection Agency
(USEPA) in the Land Withdrawal Act (LWA Section 8g). The Department of
Energy (DOE), Carlsbad Field Office (CBFO) requested approval from the
USEPA on July 21, 2000 to eliminate the use of the MgO mini-sacks at the WIPP
repository.

This request was based upon additional studies recently completed that
indicated that the use of the mini-sacks of MgO added no benefit to the closure
of the repository. Not only does the removal of the MgO mini-sacks not impact
the repository environment it enhances worker safety and affords substantial
efficiencies in the WIPP underground.

That request was granted by the USEPA on January 11, 2001. A copy of that
approval letter is included as Attachment 1.

DOE has conducted a review of operational procedures required for continued
safe disposal of transuranic (TRU) waste at WIPP and determined that
eliminating the mini-sacks that contain magnesium oxide (MgO) would enhance
worker safety at WIPP without adversely impacting repository performance.

Elimination of the mini-sacks would reduce the total mass of MgO emplaced by
about 15%, however a large excess of MgO was included in the quantity
specified in the Compliance Certification Application (CCA) (DOE, 1996a).
Based upon the conservative assumption that all organic carbon in the waste
would be converted to carbon dioxide (CO,) by microbial degradation, the mass
of MgO being emplaced was at least 1.95 times more than needed to sequester
the entire resulting CO, inventory. In fact, it has been confirmed by recent
experimental results (see Wang, 2000a: Attachment 2), that methanogenesis,
which only converts half of the organic carbon to CO,, will be the dominant
biodegradation pathway in the WIPP and will account for 95% of overall carbon
degradation. As a result, the quantity of MgO specified in the CCA is actually 3.7
times more than that required to sequester the entire possible inventory of CO,.
Even with the elimination of the mini-sacks, there will still be a 3.2-fold excess of
MgO in the repository.

The modification provides information regarding DOE’s motivation for the



proposed change and an impact assessment of the change. It is concluded that
eliminating the mini-sacks of MgO improves worker safety without affecting
either the functionality of MgO backfill as stated in the WIPP CCA, or other
components of WIPP long-term performance that EPA certified in May 1998.

Certification of the repository by the EPA for operation was based both on the
information provided in the CCA and independently developed by EPA regarding
the selected backfill system which consists of MgO emplaced in what would have
otherwise been void space in the repository. The compliance baseline* for the
backfill system in WIPP disposal areas calls for 85,600 tons (1.93 x 10° moles)
of MgO. Approximately 15% of this total is emplaced as mini-sacks between and
around waste containers. DOE recently conducted a review of WIPP’s disposal
operations and determined that changes to the emplacement strategy for MgO
could enhance worker safety for the WIPP program, while continuing to meet all
of the functional requirements associated with MgO.

Elimination of the mini-sacks will reduce the industrial hazards associated with
the lifting and handling of the mini-sacks. While the bulk of the MgO backfill
(85%) is contained in the super-sacks which are emplaced using a forklift, each
mini-sack of MgO must be emplaced manually. This requires that personnel
emplace eighteen twenty-five pound mini-sacks around the drums for each
waste stack, and 11 mini-sacks against the rib at the end of each stack. This
process will be repeated for the more than 108,000 estimated waste stacks
(about 2,142,000 mini-sacks) to be emplaced during the life of the facility.
Handling and emplacing the mini-sacks requires excessive bending and lifting,
as well as climbing ladders on an uneven surface to emplace mini-sacks in the
upper tiers. Each of these actions have a risk of physical injury.

Also, elimination of the mini-sacks will reduce the potential radiation exposure to
workers. This exposure has been evaluated by timing the steps associated with
emplacement and estimating the radiological exposure over this time period
(WID, 1997). Although the total potential dose is not excessive, particularly
when spread over the life of the facility, a potential reduction of dose supports
the ALARA (As Low As Reasonably Achievable) requirements, which defines
DOE's basic operating philosophy regarding radiation exposure. It is the
installation of the mini-sacks that is responsible for most of the radiological dose
associated with backfill emplacement. Elimination of the mini-sacks from the
backfill system will result in the elimination of associated radiological exposure.

Recognition of the importance of worker safety issues led to an evaluation of the
need for the mini-sacks in the WIPP disposal areas, and to the operational
enhancements proposed in this document. The changes must meet two criteria:

'Regulatory requirements and technical data implemented in support of the Compliance
Certification Application. Includes all data and analyses presented to or derived by EPA
[Performance Assessment Verification Test (PAVT)] in the issuance of their certification final
rule.



1. Retain the function(s) of MgO as stated in the final EPA rule. This
requirement ensures that performance of the repository remains
unchanged from that predicted in Performance Assessment (PA)
calculations conducted in support of the CCA. Therefore, no additional
PA calculations are required.

2. Retain an acceptable safety factor for performance of the backfill
material. This requirement provides assurance that uncertainty in
geochemical processes discussed in the CCA and considered probable in
the repository is sufficiently accounted for in the backfill design and
associated PA calculations.

Demonstration that these criteria are met ensures that the proposed elimination
of mini-sacks does not constitute a change to activities pertaining to the disposal
system that differs significantly from the previously referenced CCA.

References
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FigureJi-2

Standard Waste Box and Seven Pack Configuration
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Standard Waste Box and Seven Pack Configuration
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Figure M1-13
WI PP Facility Surface and Underground CH Transuranic Mixed Waste Process

Flow Diagram
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FigureM2-5
Backfill Sacks Emplaced in a Room
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Figure M2-5
Backfill Sacks Emplaced in A Room
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Figure M 2-12
WI PP Facility Surface and Underground CH Transuranic Mixed Waste Process

Flow Diagram



Empty Pallet Returned &
Emplacement Complete
Typical Time = 30 Minutes

[ Backill Supersacks Z-Minl |
"
[ TRUPACT-TS Receved n | — ane-Sides-ofaste—
Controlled Area-Shipment Verified ——Contairere—
Security & Radiological Surveys —Fypreat-Fme—S30rmtes—
Performed
Typical Time = 70 Minutes

Waste Packages Emplaced
in Disposal Area
Typical Time = 30 Minutes

Decontaminate TRUPACT-IIs
Typical Time = 240 Minutes

Contamination
Detected

Backfill Super-Mimi-Sacks
Positioned onto Waste
Containers
Typical Time = 15 Minutes
TRUPACT-II Positioned for
Unloading T
Typical Time = 5 Minutes

Remove Waste Containers
from Facility Pallet
Typical Time = 10 Minutes

[

Decontaminate Payload |
Typical Time = 20 Minutes

TRUPACT-II Unloaded from
Trailer & Transported to WHB
Typical Time = 10 Minutes

Radiological Surveys of
-+—— Newly Exposed Surfaces of
Waste Packages
Typical Time = 20 Minutes

Contamination
Detected

Y

TRUPACT-IIs Prepared for
Unloading Waste Facility Pallet Transferred to

Typical Time = 20 Minutes Emplacement Area

Typical Time = 20 Minutes

Lids Remove & Surveyed Facility Pallet Transferred to
—1 Radiological Surveys Performed Repository Level
Typical Time = 140 Minutes Typical Time = 5 Minutes

Facility Pallet Loaded
Onto Hoist
Typical Time = 10 Minutes

Decontaminate Payload
Typical Time = 240 Minutes

Payload
Contamination
Detected

Return To
Generator

No
Transfer Waste to Facility - Decontaminate
Contamination Payload
Pallet & Surveyed " . N
Typical Time = 20 Minutes Detected Typical Time =
240 Minutes

[}

Radiological Checks of Empty
TRUPACT-lIs
Typical Time = 15 Minutes

Contamination
Detected

Decontaminate

Empty TRUPACT-II
Note: No Typical Time =
Typical time are approximate and are based on 360 Minutes

operational simulations. Actual times may vary
depending on individual circumstances.

. - Transfer - WHB to trailer and J
WHB = Waste Handling Building tiedown for Shipment
TRUPACT = Transuranic Package Package Typical Time = 20 Minutes

Figure M2-12
WIPP Facility Surface and Underground CH Transuranic Mixed Waste Confirmation
Process Flow Diagram

PERMIT ATTACHMENT M2
Page M2 -

13



Attachment 1

USEPA Approval Letter for Removal of MgO Mini-Sacks



UNITED STATES ENVIRONMENTAL PROTECTION AGENCY
’ WASHINGTON, D.C. 20460 -

o,
|

&)

JAN 11 2001
OFFICE OF
AJR AND RADIATION
Dr. Ines Triay
Carlsbad Field Office
Department of Energy
P.O. Box 3090

Carlsbad, NM 88221

_DeuDr. Triay:

Thank you for your letter dated July 21, 2000, in which you requested the Environmental
Protection Agency's (EPA’s) approval for the climination of magnesium oxide (MgO) mini-
sacks from the Waste Isolation Pilot Plant (WIPP). The elimination of the mini-sacks would
result in a fifteen percent reduction in the total amount of MgO that must be placed in the WIFP,
in accordance with the WIPP Compliance Certification Application and EPA’s cextification = -

We have reviewed your request and agree that this change, which you have proposed to
hnpweopuaﬁondufety,wiumtﬁgﬂﬁcmlyimpmmem’slong-umpafomm(m
the enclosed report). TheqmnﬁtyofMgOthntthepuhnmtowagy(DOB)isrequir_edm
phcehtheWPhexpec&dhmMmdehymbsmﬁaﬂyﬂnmovmemofudiomnhdum
the accessible environment. Therefore, we approve your proposal.

We Mﬂphoeomrq&taﬂywwopoﬂ in our public docket. Weexpectth:tDQE
will track and report on this change in accordance with our guidance to DOE on recestification.

SM' Bly- ‘ /// )
Ll b

[ PIPL P

% 3 . W
Frank Marcinowski, Acting Director
Radiation Protection Division
Enclosure
. ;':T;.; :;':Jf‘.l i ; » Y el 1w, NELeme s M‘."O“l-"\
SIEUUE 4 BOE USC] AT Rievn: rrpAere e
. , e
. ‘\"'__ 'g_. 4 .-—;-Mihu -\.‘-{:/ Jn" 2 Znﬂ‘ i‘ R . x~\r..f\-bﬂ .
Lt . . B 7 -
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MgO Mini-sack Review

1.0 Introduction

This report summarizes EPA’s review of DOE’s proposal o eliminate magnesium oxide
(MgO) mini-sacks from the Waste Isolation Pilot Plant (WIPP). This report responds to a formal
request from Dr. Ines Triay of DOE dated July 21, 2000 (See Attachments 1 to 4). It includes
information obtained during a DOE/EPA technical exchange meeting held in Washington, DC,
on April 12-13, 2000 (See Attachment 5). ‘ :

2.0 Overview of DOE Propoaal

DOE requested that EPA approve the elimination of approximately 15% of the total
quantity of MgO in the repository by removing backfill mini-sacks placed on and around waste
drums and waste boxes (see Table 1). The backfill to be eliminated would be eighteen 25-1b
bags (mini-sacks) of MgO around cach waste stack and the mini-sacks from the floor around the
waste containers. DOE states this proposal would “significantly enhance worker safety at the
WIPP without adversely impacting repository performance” (see Attachment 2).

Table 1: DOE’s Calculation of Excess of MgO

Assume all organic carbon; | Moles CO, Maximum of 9.85 x 10*
cellulosics, papers, and moles of CO, generated

rubbers, reacts to form CO,

Original planned MgO in 85,600 tons @ 40.3 gm/mole

repository = 1,93 x 10° moles

Original CCA excess of MgO | 1.95 times

15% reduction 74,000 tons @ 40.3 gm/mole
= 1,65 x 10° moles

New MgO excess 1.67 times

in the Compliance Certification Application (CCA) DOE proposed, and EPA
subsequently approved, the emplacement of approximately 85,600 tons of MgO as an engineered
barrier to achieve two purposes: remove carbon dioxide (CO,) gas created by microbial
degradation of cellulosics, papers, and rubbers, and increase the pH in the repasitory to lower the
solubility of dissolved actinides. As noted in DOE's letter of July 21, the amount of MgO
preseatly planned for emplacement is almost twice that needed to sequester the CO, generated if
all of the organic waste was converted to CO, (this constitutes a bounding assumption).

Page -1-
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The primary benefits of this change would occur during the operational period by
enhancing worker safety and decreasing cost. Decreasing the amount of MgO by 15% is not
expected to significantly affect long-term repository performance, as discussed in Section 3.0
below. .

3.0 Analysis

We reviewed relevant information in the CCA (especially Appendix BACK), EPA’s
Compliance Application Review Documents (CARDs) and Technical Support Documents
(TSDs) for the certification rulemaking, the results of the CCA Performance Assessment (PA)
and Performance Assessment Verification Test, and the DOE support documents submitted with
the July 21* letter (Attachment 2).

Also, during a WIPP site visit in June following a technical meeting in Carlsbad, NM,
EPA staff observed waste containers that had been placed in Panel 1 and noted that MgO mini-
sacks were attached to containers and lay on the floor around the perimeter of the waste
containers. Agency staff also evaluated the methods used to attach mini-sacks to waste
containers. We found that DOE accurately represented the steps required to attach mini-sacks to
the waste containers and the worker safety considerations involved in this activity (sce
Attachment 5).

DOE’s conceptualization of MgO performance in the repository‘was very conservative.
In CARD 44: Engineered Barriers, the Agency stated: '

. the reaction of MgO to brucite would consume water, an added benefit for
winch DOE did not take credit in the PA. Additionally, other mineral species that
may form (dypingite (Mg;(CO;){(OH),*(5H,0) and/or nesquehonite
(MgC0O,*3H,0) consume five and time times as much water, respectively. These
factors constitute a conservative approach that accounts sufficiently for
uncertainties in geochemical processes that may occur in the disposal system” (p.
44-9). ‘

The elimination of mini-sacks does not impact the CCA or PAVT results because DOE
proposes to reduce only excess MgO, which was not used in the performance calculations.
Compliance with EPA’s containment requirements is not altered because there would still be a
large excess of MgO relative to any potential evolved carbon. ©

" The ability of the MgO remaining in super-sacks to react with brine in the repository is
important if the mini-sacks are eliminated. Attachment 4 concludes that molecular diffusion
alone can effectively mix brine with MgO from degraded super-sacks in a repository that has
experience salt creep closure. Super-sacks of MgO will break open as the height of the
repository compresses from 3 meters 10 .8 to 1.4 meters, mixing the MgO with the degraded

Page -2-
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waste and waste containers. If brine is introduced into the disposal rooms MgO will be readily
available to react chemically. We reviewed DOE’s calculations and agree these processes will
function as expected and sufficient MgO will be available to react.

4.0 Conclusion

In conclusion, we determined that the analysis of the effectiveness of MgO backfill, as
described in EPA’s certification decision, would not be compromised by the elimination of the
mini-sacks:

. MgO is still expected to remove CO, and to affect pH and actinide solubility

. the excess amount of MgO proposed for emplacement ensures that adequate MgO
will still be available to provide expected chemical effects

. the plan for emplacing MgQO remains feasible.
The elimination of the MgO mini-sacks is not significant to long-term repository

performance. DOE’s proposal to decrease the amount of MgO in the WIPP by 15% by
eliminating the MgO mini-sacks is acceptable.

Page -3-
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Attachment 2a
M ethanogenenesis and Carbon Dioxide Generation at the

Waste | solation Pilot Plant (W1PP)



whment 1: MgO Mini-Sack Elimination '5 & _2@ s Nﬁi " I- ”"A l t -
Opecaied or e 1S, Depuiomn of Energy by
Sagxdia Cosporalion
eupu.mm
s Jamuary 5, 2000

= Brysn A. Howexd (Org. 6321)
mx  Yifeng Wang (Org. 6821)

ot Mcthanogeaesis and Carbon Dicxide Gencration st e Wasts Inclation Pilot Plant (WIPF)

the Waste Isolation Pilot Plant (US DOE, 1996, appendix SOTERM). To mifigate the effect
of microbially-genemted carbon dioxide on actinide solubility, the Dopartment of Encrgy
(DOI) decided to emplace 77,640 metric tons (equivalent 10 2 x 10° moles) of MgO as a
backfill into the WIPP (Bynum et al., 1998). This total amount of MgO was estimaded based
mhMWMIM‘ E . )

?)MM(mmmma)wmumwm
mmmmmhmmmuwmmmam-m
(€O, ' - ‘ -

* (4) there will be sufficient space for the emplacoment of MgO.

showing that methanogenesis will be a dominant biodegradation pathway in the WIPP
repository. Therefore, at most one half of organic carboa can possibly be convested to CO,.

METHANOGENESIS IN WIPP
" Cellulosics, plastics, and rubbers have been identified 23 major organic materials to
Yo canplaced in the WIPP repository (DOB/CAO, 1996) and could be degraded by microbes

in 10,000 years (Brush, 1995). Depending on the availability of electron acceptors (e.g-, NOy'
_, and SO¢"), microorganisms will dograde organic matesials by the following reaction

puhwm(&mh.l”ﬂ:.'

CaHpOs +4.8 H' +43 N0y » TAHRO+6 CO + 24N, )
CeHyOs +6H' + 3804 - 5 H0+ 6 CO, +3 H8 @
CeHyOs + Hy0 — 3 CHy + 3 CO,. e

The reaction pathways of acrobic respiration, Mo(fV) and Fe(lll) dissimilatory reduction ave
ignored here, becanse the quantities of O, Mn(IV) and Fe(ll) initially present in the
Exceplional Sarvice in Be Nallonal bierest :

—
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.Bryan A. Howard (Org. 6821) © =2- Jaruary 5, 2000

repository will be negligible rlative to the other electron acceptors. The shove reactions
gmaaﬂypomd,seqmnﬁaﬂyﬁmknﬂﬁm(l)h@)mrﬁnghnwmhof
energy Yields of the reactions (e.g., Berner, 1980; Criddle et al, 1991; Chapelle, 1993; Wang
denppeHu;lM;lhmuetal,l%ItisimpormmmﬁoethnmhmM
produces only half mole of carbon dioxide from one mole of organic carbon.

Aside from theoretical consideration of the energetic perspective, the biode '
sequence summarized above is widely observed in the natore (e.g., Bernet, 1930; Griddle et
‘al,, 1991; Chapelle, 1993). The occurrence of methanogenesis following denitrifications and -
sulfate reduction is commonly observed in marine sediments, especially in cosstal sediments,
which reccive a high input of organic matters (e.g., Schiesinger, 1997, p284).
Methanogeaesis can be'a dominant biodegradation process in many tewrestrial geochemical
systems such as freshwater wetlands and lakes, where the supply of sulfite is usually FEnited
(.2, Schlesinger, 1997, p.237). Methanogenesis is observed to oconr in cither pristine or
WWWMM(Q“MIMJLMMMHW&-
typical cxample (Baedecker snd Back, 1979). In all these systems, the occunence of
methanogenesis follows, with no- exception, the biodegradation sequence soramarized by
Reaction (1) to (3). Therefore, it follows that methanogencsis is Ekaly to occur in the WIPP
repository after all nitrste and sulfate are consumed. It is worth noting that Nirex bas incloded
mﬂnmgauishthepu&ummmﬂfulow—kvdmdiw(ﬂh_x.lm

. In the previous gas gencration experiments, which were used to desive gas generation
mﬁhWPCmmﬁmCuﬁﬁmﬁmAmﬁcﬁm(OCA)(Wmanlm
1996), cellulose samples weze incubated for 1228 days with microorganisns collected from
WIPP-relevant cavironments (Francis et al., 1997). At the time of the CCA calculations no
methans production was detected in any of those samples. There are two possible
explanations for the absence of methane production. The first possibility is that microbial
degradation in the sampies had not reached the methanogenesis stage, due fo a relatively short
incubetion time and also because of high nitrate or sulfate concentration in the beine. If this is
the case, methans would be produced afier the samples are incubated for a Jong encuigh time
and all nitrste and sulfute in the samples are consumed. The second poasibility is the lack of
active methanogenic microbes in the samples. If this were the case, no methane would be
produced even if the samples were incubated for a very long time. To test these
A. J. Francis and J. Gillow at Brookhaven National Lsboratory (BNL) bave conducted more
headspace gas measurements on samples that have been preserved from the previous WIPP
gas generation program (See WIPP Test Plan TP99-01). The objective of these measarements
was to check if methane had been produced in those samples after extended incubation (~ 7.5
years). Methane was analyzed in selected brine-immdated samples and the resulis sre
summarized in Table 1 (Frencis and Gillow, 2000). - '

Methane was produced in most enserobic samples except those with excess nitretc.
Nitrous oxide was detected in the headspace of samplies containing excens nitrste. The lack of
methane prodction in samples amepded with nitrate-compounds indhcates the inhibitory
effect of nitrate on methanogenic bacterial activity. In fact, most of the methane detecied was
in samples that were not amended with any nitrate-containing compounds (NHNOs, KNOy)
at all (mamended and unamend/inoculsted samples). This supports the hypothesis of
biogenic origin of methane in these samples. Of the initially acrobic ssmples, osly two -
uemmoonnhedmmne(mmmdedmdmamdedﬁmadmd(wiﬁoubm)}
In all of the other initially acrobic treatments, the combination of oxygen, ai

Exceplionsl Ssrvice in the Naional interest :
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Bryan A. Howard (Org. 6821) -3- Jenuary 5, 2000

and ofher altemate clectron acceptors (Fe™ provided by bentonite) may bave an iakibitory

cifect on methanogenesis, .

Table 3. Methane analysis of inundated cellulose samples. All samples bave been comrected
forﬂngaspmdueedineonholﬂuhnmt;(udﬂmﬂcelhﬂou).nd*mtdm

Sample lZZBDaﬁ . 2718 Days
- - (nmol g™ cellulose) (amol g* cellulose)

Anserebic .
Unamended nd 392+027
. Unamended/Inoculsted nd 403%138 |
Wﬂ&d nd 085+0.7
Amendednoc. + nd od
Exc. Nitrate '
Anserobic + Bentonite
Unamended ad 3.84:040
Unamended/Inoculated nd 3522020
Amended/Inoculated nd 1124003
Amended/Inoc. + : od nd.l
Bxc. Niteate®
Initially Acroble
Unamended nd 1254029

Unamended/Tnoculated nd 1.10£0.13

Although the quantitics of methane detected are small, the new messurements have
demonstrated that the absence of methane production in the previous measuremests was due
o the inhibitory effect of nitrate or sulfate and the insufficient incubation time period. Based
on the experimental data and the observations on natwal systems, it can be concloded that
methanogenesis will take place in the WIPP repository after microorganiams consume all

' Exceptionsl Sarvice in the Naional infevest )
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nitrate. and sulfiste. In the next section, based on waste inventory estimates, it i farther
demonsrated that methanogenesis can eventuaily become a dominant reaction pathway in the

AMOUNT OF CARBON DIOXIDE TO BE GENERATED IN WIPP

mmgzmmﬁahmdmmmgg'wmﬂ:

Based on the Transuranic Bascline Inventory Report (DOE/CAQ, 1996), the total
equivalent cellulosics to be emplaced in the WIPP is estimated to be 2656 x 10" kg,
equivalent 10 9.34 x 10° moles of C (Peterson, 1996). The total amounts of nitrate snd sulfate
in the waste are estimated to be 1.6 x 10° kg and 63 x 10° kg, respectively, snd equivalently
2.6 x 107 moles of NO3™ and 6.6 x 10° moles of SO (DOE, 1996, p. B6-1; Wang and Brush,
1996, p.14). A certain amount of sulfate can be brought into the repository by brine inflow;
however, this smount of sulfate is estimated %o be less than 4 x 10° moles (Wang and Brosh,
1m’mmwwammummumiuﬁmmdmb
1 x 10° moles. :

Fraction of methanogenesis:

As mentioned sbove, the biodegradation of organic materials in the WIPP will procesd
sequentially from Reaction (1) to (3). The fractions of individusl degmdation pathways can be
calculsted as follows: - )

Molar fraction of organic carbon degraded via denitrification
© =125 x moles of nitrate/moles of organic carbon

=12522.6x10"9.84 x10° =3.3% .

Molar fraction of organic carbon degraded via sulfate reduction
=2 x moles of sulfate/moles of organic carbon
=2x1x1079.84 x10° = 2%

Molar fraction of organic carbou degraded via methanogenesis
= | — molar fractions of both denitrification and sulfte reduction
=]-33%-2%=~95%.

Therefore, based on the currently inventory estimates, methanogenesis will account for 95%

Total to be

Using the fractions of biodegradation pathways calculsted above, it can be estimated
that one mole of organic C will be converted to (1 - 95%) + 95% x 0.5 = 0.525 mole of CO;.
Accordingly, the total possible quantity of CO; to be generated in the repository is estimated
tobe 0.525x934x10°=517x lO'mol_u, which is about 47.5% less than thet estimated for
the CCA (Peterson, 1996). o ’

Given the fact that metal corrvsion in the repository will generste a significant quantity

‘of Hy, another methanogenesis pathway may also exist, in which methanogenic microbes use

hothCO;andH;usubstrmmprodlmmethnnc:CO;-l--ﬂ-h-CH.-l»lbO(Btmb,lB%.
Exceptional Service in the Nelione! inferest -
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‘);
p.E-16). As a result, theeonvuaionraﬁoofmanicurbonmcozﬁnbem_mall&.
Because of lack of experimental data, the second methanogenesis pathway is ignored here.

- CONCLUSION,

is will be a dominant biodegradati ion pathway in the WIPP repository
and account for 95% of overall organic carbon degradation. Based on the current waste
m.kheﬁmmdﬂmw.mledmﬁccmbewmommd%
: ,ﬁemhlqliuﬁtyofcozpotﬂ:&ﬂybbammdinhw&'
calculated to be 5.17 x 10* moles, which is about 47.5% less then that estinmated for the CCA
(Peterson, 1996).

REFERENCES

MKA(I9SQM.MAWAMMUMM
Princeton, NI, 241p. )
BaedeehuMJ.mﬂBaukW.(]”ﬂHydmbgicnlmandehmiedmmﬁmd;
landfill. Groundwater, 17, 429-437.
MLR(I%WWW—MZMWM&
Mmhh.WmWMMMNMM
NM. .
BMLV,SWQT,PWEW,WWY,PMA.C,WLL.
Nowsk E. J, Cotton I, Psichet 8. J, and Chu M. 8. Y. (1998) Ideatification and
mawmmuwwmmmmmno_
Benaett, H. 'W. Papenguth, M. 8. Y. Chin, D, A. Galson, S. L. Duerden, snd M. L.
Matthews (eds.) Intemational Workshop on the Uses of Backfill in Nuclear Waste
Repositories. May 1998, Carlsbad, NM. P.2-178-2-187.
MF.EGM)WMMQMW.MW&M
NY. ) '

&iddleQSqumeA,anndCutyP.L(lwl)Miuubmminmmﬂ
In: J. Bear and M. Y. Conapcioglu (eds.) Transport Processes in Porous Media, Kluwes

+___Academic Publishers, Netherlands. P. 639-691. ,

DOE/CAD (1996) Transuranic Waste Bascline Inventory Report (Revision 3). DOE/CAO-95-
1121. : :

DOE (1996) Title 40 CFR Pat 191 Complisnce Certification Application for the Waste
Isolation Pilot Plant. United States Department of Encrgy, Carlsbad Office, Carisbad,
NM. DOE/CAO-1996-2184. ‘ '

Francis A. J. and Gillow J. (2000) Progress report: Microbisl gas genceation program. Sandia
National Laboratories, Carisbad, NM. Memo to Y, Wang.

- Frncis A. ), Gillow J. B., and Giles M. R. (1997) Microbial Gas Generation Under

' Waste Isolation Pilot plant Repository Conditions. Ssmdia National Laborstories,
Albuquerque, NM. SAND96-2582.

Hunter K. S, Wang Y., and Van Cappellen P. (1998) Kinetic modeling of microbially~driven
redox chemistry of subsurface environments: coupling transport, microbial metabolism
and geochemistry. J. Hydrology, 209, 53-80. - ‘

Exceptional Service in #he Nationel indereet

24



‘BrymA.Howd(Otg.Gﬂl) -6~ January S, 2000

Nirex (1997) An Assessment of the Post-Closure Performance of A Deep Waste Repository at
Scllaficld. Volume 4: The Gas Pathway. United Kingdom Nirex Limited. Report
S/97/012

PﬁusmA.C.(l”G)MmofMgOthatcmﬂdbeaddedashackﬁnmthaWPmdhm
of MgO required to saturate the brine and react with CO; penerated by microbial
processes. Sandia National Laborstories, Albuquerque, NM. WPO# 36214,

Sdllesmprw H. (1997) Biogeochemistry: An Analysis of Global Change. Academy Press,

ng\l'..ndeCappeﬂenP (1996) A multicomponent reactive transport of early
disgenesis: Application

of redox cycling in coastal marine scdiments. Geochim.
Coachim. Acts, 60, 2993-3014.

Waag Y. andBnnhLll(l”ﬁ)EsMofgas—gmmmfwﬂwhum
WIPP performance assesament. Sandia National Laboratories, Albuquerque, NM. Memo
to M. S, Tiemey. WPO# 30819.

Exceplional Service in the National interest

25



Attachment 2b
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o %:Eémstmsm)
ot Wofhﬁ:ﬁnghmmintszmlmlaﬁmmmmﬁuy

MgObnnkﬁnisbeinxusedinﬂqutelsolaﬁonPilot_Pluu(WlPP)asadlmﬁul
control agent to mitigate the efﬁactofuﬁqobh_lCOzgmaﬁonmﬁnidembiﬁtyinl
pon-domnpouimwvi:umm.MgOismplwedusupa-neksondumpofm
MMMBMWWNMMWTOMW
m,hnmdwmommmmmuwdmo
mini-sacks. This memorandum supposts the DOE's assessment that the climination of MgO
mmwmnammmmmwmﬂnmmmu
ﬁnﬁmﬁdegOalehmidmlwmmﬁneﬁecﬁveuMhﬁaw
Certification Application (CCA). Using a bounding calculation, the memo demonstrstes that
mmmmdmwmummdmmmmmmwnmmw
without the presenxce of MgO mini-sacks. ) : _

n the following bounding calculation, only molecular diffusion is considored. The
diffesion of a chemical species in a porous medium can be described by Fick’s equation (eg-
Richardson and McSween, 1989, p.132): : ,

x.2(0,%) | | m

where C i the conoeniration of the diffosing chemical species; ¢ is the time; X'is the distsnce;
and Dy is the effective diffusivity of the chemical species in a givea porous medium. Dy is
relicd o the porosity (¢ of the medium by (¢.g., Oclkers, 1996): -

D‘ :"D (2)

where D is the diffusivity of the species in pure solution. The D values for most aqueous

specics at room temperatures fall into a narrow range, and 10" cr?/sec is & good

approximation (¢-g-, Richardson and McSween, 1989, p.138). From the CCA calculstions

(Bean et al,, 1996, p.7-29; WIPP PA Department, 1993, equation B-8), the porosity in the

WIPP weste panels afier room closure is calculated to be 0.4 to 0.7. From Equation (2), the

;@wmﬁwn,hmmnmmmu 2 ~ 5210 cm®/sec (=6~ 16x107
fyear).

Exmhldsmnmum&mdhm
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. Given a time scale of T, the typical diffusion penetration distance (L) can be determined
by scaling Equation (1): C-
L'JD‘T- ' (3)

Using Equation (3), the diffusion penetration distance in the WIPP cean be calculsted ss a
function of diffusion time, as shown in Figure 1. - :

Figure 1. Diffusion penetration distance in the WIPP 23 a fanction of diffusion time

| The average time for a brine pocket to remain in a waste panel afict it caters the
mpodﬂxyischamctuiudbyaso—uﬂedmmmidmﬁm(&a_).whﬂambe

Y
Totns =2

@

where ¥)yis the pore volume in a waste panel; and F is the rate of brine flow up to the
Culebra formation through a borchole. From the CCA calculations, the pore volume in a
waste panc] after rpom closure ranges from 2,500 to 7,000 m® (Helton et al., 1998, p.8-50),
and the meuximun flow rate is 5.5 m’/year (Helton et al., 1998, p.8-69). Using these values,
Toustdunce 18 estimated to be > 450 years. Over this time scale, according 10 Equation (3) and
Figure 1, molecular diffusion alone can mix brine composition effectively at least over
distance of 1.6 m.
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The height of waste stacks in the repository after room closure (k) can be calculated by:

h(-¢) '
ratite) ®

where ko and gy are the initial height of waste stacks and the initial porosity of wastes, which
are assumed 10 be 4 m and (.88, respectively, in the CCA. For ¢= 0.4 - 0.7, A is estimated to
be18m14m.whchmks&mmemcmmmﬁumpmmmm&mm
mmksmmmﬂyﬂmdmmempofmmchm&emmmw
configuration, it can be concluded that molecular diffusion alone can effectively mix brines
mﬂ:mpu—uckMgOCmavthddnwhon)mthomtthrmMgOm-nch.hm
‘words, the elimination of MgO mini-sacks will not affect MgO accessibility by brine in the.
WIPP. :
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